Aim: Realize the surgery of sinus lifting floor to allow the installation of osseointegrated implants for oral rehabilitation, with the combination of different biomaterials, autogenous bone and lyophilized bovine bone.
BACKGROUND
Relevant aspects of oral rehabilitation can be addressed with the use of osseointegrated implants, an alternative approach that results in the satisfactory form, function and esthetics of dental units. However, the success of this type of surgicalprosthetic rehabilitation treatment requires adequate amounts of bone, the biological structure that supports or anchors dental devices so that the impacts of chewing are absorbed and tolerated. [1] [2] [3] [4] Due to certain exceptional situations that can occur in the oral cavity, such as periodontitis, loss of teeth, traumatic extractions, cysts, tumors or trauma aggravated over time, the surgeon does not always find the most favorable conditions to accomplish rehabilitative treatments involving the installation of dental implants. [5] [6] [7] [8] [9] [10] To recover the ideal size dimensions lost by alveolar bone that has suffered resorption, particularly in edentulous patients, it is necessary to increase the height and width of the bone to accommodate implants of the appropriate size with an axial angle that adequately allows for future prosthesis. 2, 8 Two dimensions must be taken into consideration regarding the material needed to anchor the implantation of these structures: height, which determines the length of the implants to be installed and, thickness which dictates the size of their turns and, consequently, their platform. Therefore, the greater the length and width of the implant platform, the better the retention and distribution of loads along the bones of the jaws, leading to better recovery of lost function. 2, 4, 8, [11] [12] [13] [14] [15] Such conditions can be met through surgical procedures known as bone grafts. Bone grafts can recover bone thickness in block or appositional dimensions, or even height, through a procedure known as the elevation of the maxillary sinus floor, which involves the introduction of particulate bone or biomaterials into the sinus cavity itself.
According to reports from specialized scientific literature, grafts have proven effectiveness and predictability when performed with the use of autogenous bone or with the help of bone substitutes to restore a sufficient amount of alveolar bone. [16] [17] [18] The alternative method described here is intended to solve the pneumatization of the maxillary sinus, i.e. vertical bone resorption brought about by the absence of teeth. This resorption occurs specifically with the roots of posterior dental units, as these are close to the maxillary sinus and is accompanied by an expansion of the sinus membrane and a consequent increase of the sinus cavity, which is physiologically designed for heating and cleaning inspired air in the breathing process. 9, 10, 19, 20 The filling of this cavity can be done with a number of diverse materials from different organic and inorganic sources from the laboratory and elsewhere. All of these materials will lead to an immunological response of a lesser or greater degree; however, the results should be predictable and postoperative sequelae should be minimal. 2 According to the literature, biomaterials can be defined as a substance or combination of two or more pharmacologically inert substances, whether natural or synthetic, which are used to improve, enhance or fully or partially replace tissues and organs. 7, 21 Therefore, the ideal bone substitute should maintain mechanical stability and tissue volume during the early stages of healing and subsequently be supplied with new bone by osteoclast activity followed by the deposition of an osteoid matrix mediated by osteoblasts and mineralization. 22 In the case described here, autogenous bone grafting was chosen in combination with lyophilized bovine bone.
CASE REPORT
A patient, female, mixed race, nonsmoker, of 49 years and 9 months of age, after thorough clinical evaluation, underwent complete oral maxillary rehabilitation using the installation of osseointegrated implants, to meet the physiological demands of occlusion and mastication with which she had reported difficulty. Preliminarily, panoramic radiography was performed to analyze, in terms of quality and quantity, the bone structure of the areas to be rehabilitated. Particular attention was given to the dimension of height because the patient reported the loss of dental units since approximately 15 years previously.
With the information from the imaging exam and data from the clinical examination, it was found that units 18 and 28 showed good periodontal health and satisfactory levels of bone attachment, while the other remaining dental units, 11, 21, 23 and 24, were in poor periodontal condition, making it impractical to maintain them in joint rehabilitation with the osseointegrated implants to be installed. These mobile dental units showed marked and severe horizontal bone resorption, indicating an advanced degree of periodontitis.
During the process of planning the treatment, certain conditions were found that needed to be resolved prior to the installation of the osseointegrated implants for the subsequent prosthetic rehabilitation. Initially, it was found that the patient had fully pneumatized maxillary sinuses, with insufficient height for the anchoring of implants. The heights, ranging from 1.98 mm in the region of the unit 16 to 3.92 mm in the region of unit 26, indicated that surgery was necessary to lift the maxillary sinus floor, as noted in Figures 1 and 2 . However, the bone thickness was satisfactory, negating the need for appositional bone graft surgery.
To rehabilitate the jaw effectively, the choice was made to perform surgery for maxillary sinus lifting in the regions of units 14, 15, 16, 17, 26 and 27. However, as the areas to be grafted were relatively large, it was concluded that the amount of autogenous bone to be removed from areas identified as possible donors would not be sufficient. The mandibular branches, left and right, were relatively reduced and the chin by itself would generate a quantity that would not meet the need of the two jaw cavities.
Based on this diagnosis, it was decided to complement the autogenous bone taken from the patient's chin area with lyophilized bovine bone as a guarantee of greater volume for the area to be grafted. This approach would prevent the opening of a third surgical wound or a second surgical procedure to perform a new bone graft and would provide the filling for both cavities in the maxillary sinuses.
Given the timeline and the surgical steps necessary, it was decided to perform as a first step the bilateral lifting of the maxillary sinus floor. It was also decided to avulse units 11, 21, 23 and 24 and to install seven implants of various lengths and widths on grafted areas in the remaining alveoli 6 months after completion of the first surgical step. The 6 months waiting time would ensure the consolidation of the grafts.
After signing the term of free and informed consent (TFIC), the patient was prescribed a drug protocol consisting of 1 gm of oral amoxicillin cryohydrate to be taken 1 hour before the surgery to be performed and the oral administration of 500 mg of this antibiotic every 8 hours for seven consecutive days after surgery. The prescription also included the simultaneous use of 8 mg of oral dexamethasone 1 hour before surgery and 4 mg every 12 hours for 4 days after the surgical procedure; as well as 10 mg of ketorolac tromethamol, 1 hour before surgery and 1 tablet every 8 hours after surgery, depending on the intensity of pain. As an adjunct to oral prophylaxis, the patient was prescribed the pre-and postoperative use of a chlorhexidine mouthwash three times daily for 1 minute, limited to 10 days.
SURGICAL PROCEDURES
Local anesthetic infiltration was used, with a base of articaine hydrochloride at 4% and epinephrine at 1:100,000, in the areas under intervention. Surgical procedures began with incisions in the right and left alveolar ridges, followed by a relaxing incision on both sides to provide exposure of the vestibular walls of the maxillary sinus. The next step was the opening of an access cavity for each maxillary sinus, as seen in Figure 1 ; to this end, a rotary handpiece (K9 PLUS/KAVO) equipped with a round diamond number 8 bur was used. This tool was irrigated with saline to neutralize the heat resulting from contact with the surgical drill in an attempt to reduce surgical trauma because the heat causes the destruction of bone osteoblasts and osteocytes. After exposing the receptor sites for the material to be grafted, it was decided to open the chin, the surgical space defined as donor, due to the higher amount of biological material that this area would provide in the case of the patient in the study. An incision was made in two steps in the region of the lower groove extending from canine to canine, in order to expose the chin and to ensure the removal of two bone blocks (Fig. 4) .
After removing the bone blocks, the suture in the donor area was performed in two steps to re-enable it functionally; this was followed by the fragmentation of the same bone in a Muzimed ® (Canoas, RS, Brazil) grinder and its combination with lyophilized bovine bone of the brand bioinnovation-Bonefill. After the formation of the mass of the resulting mixture of autogenous bone and lyophilized bovine bone was performed, the filling of the cavities in the maxillary sinuses on both sides was completed in a satisfactory manner followed by the suturing of the incised areas ( Figs 3A and B) . The surgery was completed without any complications. After the 6 months required for the consolidation of the grafts, a significant gain in bone volume and height was found for all grafted areas, which led to the installation of the implants because the grafted areas had begun to show adequate bone height and thickness.
Comparing imaging tests before and after surgery (Figs 4 to 7), it is remarkable that the areas that had bone heights of only 1.98 mm before surgery had heights equivalent to 11.07 mm after surgery, i.e. a percentage gain of 550%.
During the second surgery, dental units 11, 21, 23, and 24 were avulsed, and the alveoli units 11 and 21 received immediate implants, both with platforms of 4 mm and lengths of 15 mm. The alveolus unit 24 also received an immediate implant with a 4 mm platform and 13 mm length. After the installation of these three implants in alveoli where dental units had been removed, four more implants were installed in the areas that were grafted 6 months prior. Of these, three implants were placed in the regions of units 16, 25 and 26, all with platforms of 4 mm and lengths of 11.5 mm, and a final implant was placed in the region of unit 14 with a smaller platform of 3.75 mm and the same length of 11.5 mm. No perioperative events were recorded during this second surgery (Fig. 8) . Six months after the surgery, which was the estimated time for osseointegration, the cicatrizers were installed and a Branemark protocol-style implant was made, which satisfactorily met the expectations of the patient (Fig. 9) .
DISCUSSION
Current techniques of bone grafting for oral rehabilitation are considered satisfactory, both esthetically and functionally. For the choice of the donor area, one should take into account the amount of bone necessary to carry out the graft and to adopt minimally invasive surgical procedures. In this study, the autogenous bone taken from the patient's chin area and complemented by lyophilized bovine bone fully met the needs of the receptor beds, ensuring that the volume of material was sufficient for the recovery of bone height essential for anchoring the seven planned implants. This treatment was also preferred because of the impossibility of using either the left or right mandibular branches as donor sites due to the reduced bone volume offered by these areas. Moreover, this choice resulted in surgical procedures that are considered less aggressive. The finding of pneumatized maxillary sinuses, which indicated insufficient bone height for successful implants, led to surgery to increase the heights of the maxillary sinuses, which had ranged from 1.98 mm to 3.92 mm but became 11.07 mm on average after surgery. This value can be considered high compared to other surgeries performed in similar situations or even to reports made in a significant portion of the specialized scientific literature. Although the use of autogenous bone is preferred to carry out intraoral grafts, the augmentation of autogenous bone with lyophilized bovine bone allows a guarantee of greater volume in the area to be grafted for patients who need extensive expansion of the height of the maxillary sinus to enable rehabilitation by prosthetic implants as in the case described here. As illustrated in the exam images, the extreme precariousness of the periodontium justified the replacement of the remaining teeth with implants. Finally, the drug coverage before and after surgery allowed the postoperative period to be well tolerated by the patient, whose recovery was uneventful. The patient's dental esthetics were improved as was the vertical dimension of occlusion and masticatory function that had been lost due to widespread tooth loss, which was increased by the use of ill-fitting dentures.
CONCLUSION
Bone grafts are suitable to other alternatives in the cosmetic and functional rehabilitation of the maxilla in patients requiring bilateral sinus lift. The chin region provides a large amount of bone tissue, which when complemented by lyophilized bovine bone grafts, ensures greater volume and allows for the performance of less invasive surgical procedures. In the case described here, an average gain in bone height of approximately 550% was obtained, making it possible to anchor the seven implants.
CLINICAL SIGNIFICANCE
Oral rehabilitation using the installation of osseointegrated implants is an alternative surgical approach that results in the satisfactory form, function and esthetics of the dental units. In this study, the surgical procedures used for grafting a combination of autogenous and lyophilized bovine bone, aimed elevate the maxillary sinus floor to allow the installation of osseointegrated implants for oral rehabilitation.
